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AIRPLI-WE CONEIGURATION HAVING A WING 

OF TRAPEZOIDAL PLAN FORM 

By Herbert W. Ridyard, David E. Fetterman, Jr., 
and Jim A. Penland 

SUMMARY 

An invest igat ion  to   determine  the  s ta t ic   la teral   s tabi l i ty   charac-  
t e r i s t i c s  of an  airplane  config"ation  having  a  trapezoidal wing with 
nodified  hexagonal a i r f o i l   s e c t i o n  and ta i l   sur faces   wi th  5' semiangle 
wedge sections has been car r ied   ou t   in   the  Langley ll-inch  hypersonic 
tunnel. The t e s t s  were made a t  a Mach number  of 6.86 and a  Reynolds num- 
ber of 343,000 based on  wing  mean aerodynamic chord. Data were obtained 
for   angles  of s ides l ip  up t o  10' and angles of a t tack up t o  25' f o r   t h e  
complete model and various  combinations of i t s  components. The data   are  
presented  with  respect t o   t h e  body axes. 

INTRODUCTION 

The aircraft  configurations  previously  investigated  experimentally 
a t  hypersonic  speeds have  been r e s t r i c t ed  mainly to   miss i le   types  which 
were not  required  to be ab le   to   l and  and  which, therefore, had r e l a t ive ly  
small w i n g s  o r  wings of low aspect  ratio.  The purpose of the  present 
investigation was t o  determine  the  characterist ics of a configuration 
conforming more c lose ly   t o  a  piloted  aircraft   having  a wing area suffi- 
cient  for  conventional  landing. O f  the  various  possible  configurations, 
one was se lec ted   for  this exploratory  study which was expected t o  have 
sa t i s fac tory  low-speed charac te r i s t ics  and satisfactory  transonic  char- 
ac t e r i s t i c s .  "his configuration  (fig.  1) employs a trapezoidal wing and 
the'arrangement, i n  general, i s  similar to.  conventional  airplanes. Two 
par t icu lar   fea tures  were incorporated which are believed t o  be desirable  
for  hypersonic  operation - relatively  large  leading-edge  radii  for both 
w i n g  and t a i l  and wedge-shaped sec t ions   for   the  t a i l  surfaces. The large 
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leading-edge  radius is e s s e n t i a l   i n   o r d e r   t o  keep the  heat- t ransfer   ra tes  
within  feasible  limits, and the wedge t a i l  sections were se lec ted   to  pro- 
vide  the  desired t a i l  effectiveness with t a i l  surfaces of conventional 
s ize   ( ref .  1). 

Six-component data have been  obtained  both  for  the complete model 
and for   var ious components. The l i f t ,  drag,  and s ta t ic   longi tudina l   s ta -  
b i l i t y   d a t a  of the model  and i t s  components a t  M = 6.86 are  presented 
in   reference 2 and both  s ta t ic   longi tudinal  and l a t e r a l   s t a b i l i t y   d a t a  
a t  a Mach number of 4.06 may be found in   reference 3 . .  The present  paper 
con ta ins   t he   s t a t i c   l a t e ra l   s t ab i l i t y   r e su l t s ,  that is, the  var ia t ions 
of  the aerodynamic coeff ic ients  w i t h  s idesl ip   angle ,   a t  M = 6.86. 
Detailed  analysis of the  s tabi l i ty   parameters  i s  omitted in   o rder  t o  
expedite  release of t h i s  information. 

COEFFICIENTS AND SYMBOLS 

The r e s u l t s  of the  tes ts   are   presented as standard NACA coeff ic ients  
of forces and moments. Tle   data   are   referred  to   the body-axes system  but 
may be converted to   t he   s t ab i l i t y -axes  system by means  of the  conversion 
equations  given  in  the appendix. The body- and s tabi l i ty-axes systems 
a re   i l l u s t r a t ed   i n   f i gu re  2. The  moment reference i s  a t  54. percent of 
the wing mean aerodynamic  chord or a t  52.66 percent of the body length 
measured  from the  nose. The coeff ic ients  and  symbols are  defined  as 
follows : 

CY la te ra l - force   coef f ic ien t ,  Y / ~ S  

C l  rolling-moment coeff ic ient ,  L/q% 

c, pitching-moment coefficient,  M ' / ~ S E  

c, yawing-moment coeff ic ient ,  N/qSb 

Z force  along  Z-axis, l b  

Y force  along  Y-axis, l b  

L moment about  X-axis, in-lb 

" moment about  Y-axis, in-lb 
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moment  about  Z-axis,  in-lb 

free-stream  dynamic  pressure,  lb/sq  in. 

total  wing  area  including  body  intercept, sq in. 

wing span, in. 

wing  chord,  in. 

wing  mean  aerodynamic  chord,  in. 

tail  chord,  in. 

Mach number 

Reynolds  number 

angle  of  attack,  deg 

angle  of  sideslip,  deg 

Subscripts: 

B body-axes  system 

S stability-axes  system 

3 



4 

MODELS AND APPARATUS 

’ Models 

NACA RM L’J5A21a 

The model configurations  used  for  the  present  tests  consisted of a 
complete  model ( f ig .  l), a body alone,  a body-wing combination,  and a 
body-tail  combination. Details concerning  the  airplane model are  given 
in  the  three-view drawing ( f ig .  3 ) ,  in   the  sketches of t h e   a i r f o i l   s e c -  
t ions   ( f ig .  4),  and i n   t h e   t a b l e  of geometric  characteristics (table I). 
The complete  model mounted fo r   t e s t ing   i n   t he   t unne l  i s  shown i n   f i g u r e  5. 
A discussion of  some of the  design  features of the model i s  included i n  
reference 2. 

Balance  and Model Support 

The strain-gage  balance  used  for  the  present  tests w a s  i n i t i a l l y  
designed t o  measure only four  components - normal force,   pitching moment, 
yawing moment, and la teral   force.   In   order   to   adapt   the  balance  for   use 
i n  the  present program, s t r a i n  gages were  added to   the   ba lance   s t ing  and 
ca l ib ra t ed   t o  measure ro l l i ng  moment. This method of obtaining a rol l ing-  
moment component resu l ted   in   l ess   sens i t iv i ty   than   des i red .  This resu l t ing  
sacr i f ice   in   accuracy was considered more than compensated f o r  by the 
saving of the time necessary  for  the  design,  construction, and calibra- 
t i o n  of a new five-component  balance. 

The model w a s  at tached  to  the  balance so that constant geometry 
between model and balance w a s  maintained f o r  a l l  test angles. The model 
was placed a t  an  angle of s ides l ip  by  means  of a  bent  sting;  angles of 
a t tack  were obtained by ro ta t ing   the  model  and balance  about  a  horizontal 
axis normal t o   t h e  wind stream. T h i s  type of model rotat ion  necessi ta ted 
calculation of corrected  angles of a t tack  and s idesl ip .  Model deflections 
due t o  aerodynamic loads were incorporated  in   these  corrected  tes t   angles .  
These model def lect ions were obtained  through  the  use of angles measured 
from schlieren  photographs and the  balance  calibration. 

Wind Tunnel 

The t e s t s  were conducted i n   t h e  Langley ll-inch  hypersonic  tunnel. 
For this invest igat ion  the tunnel was equipped with a single-step two- 
dimensional  nozzle  constructed of Invar. The nozzle i s  designed by the 
method of character is t ics   with a correction made f o r  boundary layer  and 
operates a t  an average Mach number  of 6.86. The duration of each run 
was about 80 seconds,  and the  var ia t ion of t e s t   s ec t ion  Mach  number with 
time i s  negligible after t h e   f i r s t  15 seconds of running  time.  This con- 
s tan t  Mach number flow made it poss ib le   to   ob ta in   forces   for   severa l  
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angles of attack  during  each run. The model w a s  held a t  low angles of 
a t tack   for   s ta r t ing  and stopping  the runs i n   o r d e r   t o  minimize  shock 
loads on the  strain-gage  balance which supports  the model. 

Tests 

Tests were made a t  an  average  stagnation  temperature of 675' F t o  
avoid a i r  l iquefact ion  ( ref .  4), a stagnation  pressure of 20 atmospheres 
absolute, and a tes t  Mach  number of 6.86. These conditions  correspond 
t o  a Reynolds number  of 343,000 based on wing mean aerodynamic chord. 
The absolute  humidity w a s  kept t o   l e s s   t h a n  1.87 x pounds of water 
per pound of dry a i r  f o r  aLL tests. Tests were made a t  angles of side- 
s l i p  p from -5' t o  loo for  an  angle of a t tack  of 0' and  from p = 0' 
t o  about 10' f o r  angles of a t tack  up t o  25'. 

PRECISION OF DATA 

The probable  uncertainties  in the force and moment coef f ic ien ts   for  
individual   tes t   points  - due t o  the balance  system, and va r i a t ions   i n  
the dynamic pressure - have been  evaluated and are  presented as follows: 

C N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
C m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.005 
cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;to.005 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0015 
cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.003 

In general,  the  faired  curves  should be more accurate  than  these  values. 

The angle of a t tack  a and angle of s ides l ip  p were accurate 
within fO .loo. 

SUMMARY OF RESULTS 

The experimental aerodynamic charac te r i s t ics  of the models are  tab- 
ulated  for  each  combination of corrected  angle of a t tack  and s i d e s l i p   i n  
tab le  11. The data  are  presented with r e spec t   t o  the body-axes  system. 

The var ia t ions with sideslip  angle of the aerodynamic character- 
i s t i c s ,  Cy,  Cn,  C2,  CN, and %, for   var ious  angles  of a t t a c k   f o r  the 
complete model and fo r   o the r  combinations  of the component par t s  are given 

. 
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i n   f i g u r e s  6 t o  10. The curves  presented i n  these f igu res   a r e   fo r  nom- 
inal  angles of a t tack  and were obtained by fair ing  data   taken from 
table  11. In  general, the variations of the coeff ic ients  Cy and Cn 
with p presented i n  figures 6 and 7 a re   l i nea r  a t  low angles of attack. 
A t  high  angles of a t tack   the   var ia t ions  of the coefficients  with p show 
some nonl inear i t ies .  The variations of C2, Q, and Cm w i t h  p i n  
figures 8 t o  10 are small and f o r  most cases are l inear .  Some irregu- 
la r i t i es   in   these   curves   a re   p resent ;   for  example, the var ia t ion of CN 
with p f o r  the complete model ( f ig .   9 (a ) ) .  These i r r egu la r i t i e s  may 
possibly be a t t r ibu ted   to   d i f f icu l t ies   in   fa i r ing   da ta   wi th   cons iderable  
sca t te r .  

In   f i gu re  11 typical   schl ieren photographs are  shown of the complete 
mcdel and body-wing configuration  at  various  angles of s idesl ip .  

The var la t ion of the slope  paramaters C Y ~ J  Cnp, and C w i t h  a, 
2P 

f o r  the complete model and other model configurations i s  presented i n  
f igures  1 2  t o  14. AttentYon i s  c a l l e d   t o  the small but  positive  values 
of C I B  (negative  effective  dihedral)   exhibited by the  complete model 

a t  positive  angles of a t tack.  (See f i g .  14. ) 

Langley Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field, Va.,  January 4, 1955. 
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APPENDIX 

AXES-TRANSFEB EQUATIONS 

The equations for t r ans fe r  of force and moment coeff ic ients  from 
the body-axes system to   t he   s t ab i l i t y -axes  system are  as follows: 

C = C cos a + C s i n  a 
' 3  'B "B 

Cns = CnB cos a - CzB s i n  a 

Inasmuch as the  longitudinal o r  axial   force w a s  only measured 
f o r  p = 0, the  axes  transfer  equations  for l i f t  and drag coeff ic ients  
are  not  given  here. L i f t  and drag coef f ic ien ts   for  p = 0 are presented 
in   reference 2. 
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TABLE I.- GEaMETRIC CHARACTERISTICS OF MODEL 

Wing : 
Area (including  area submerged in  fuselage ). sq i n  . . . . . .  6.24 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.33 
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . . .  1.716 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  2.53 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  0.354 
Airfoi l   sect ion . . . . . . . . .  Hexagonal with round leading edge 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.140 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . . .  38.83 
Sweep  of quarter-chord  line. deg . . . . . . . . . . . . . . .  29 
Incidence at   fuselage  center   l ine.  deg . . . . . . . . . . . .  0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Geometric twist. deg . . . . . . . . . . . . . . . . . . . . .  0 

Horizontal   or  vertical  tai ls:  
Area (including  area submerged in   fuse lage) .  sq i n  . . . . . .  2.06 
span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.69 
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . . .  0.853 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  1.214 
Tip  chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  0.317 
Airfoi l   sect ion . . . . . . . . . . . . . . . . .  5 O  semiangle wedge 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.261 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.32 
Sweep  of leading edge.  deg . . . . . . . . . . . . . . . . . .  22.63 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 

Fuselage : 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  7.50 
Maximum diameter. i n  . . . . . . . . . . . . . . . . . . . . .  0.790 
Fineness  ratio . . . . . . . . . . . . . . . . . . . . . . . .  9.50 
Base diameter. i n  . . . . . . . . . . . . . . . . . . . . . .  0.790 
Distance from  nose t o  moment reference . . . . . . . . . . . .  3.950 
Ogive nose length. i n  . . . . . . . . . . . . . . . . . . . .  2.29 
Ogive radius. i n  . . . . . . . . . . . . . . . . . . . . . . .  6.85 

.. 



10 

- 
a, 
de& 

.W 

.oo 

.00 .OO 
-00 
.00 

.W 

.W 

.W 

.W 

.W 

.W . 00 

.W 

.oo 

.W 

.W .OO 

.W 

.W 

.W 

.W 

.W 

.oo 

.W 

.W 

.W 

.W 

.oo .OO 

.oo 

.W 

.Ol 

. 00 

1.98 
.96 

2.83 
3.83 
4.88 
4.93 

4.78 
9.83 

9.75 
4.60 

-98 
.ob 

2.08 
3.00 
3.88 
4.95 
5 .W 
9.81 
4.P5 
4.95 
9.65 
4 -63 
.10 

1.13 
1.95 
2.90 
3.96 
4 -90 
5.08 

4.76 
9.92 

4.PL 
9.82 
4.52 
2.03 

4.a 2.93 

5.M 
5.07 
6.01 
6.86 
8.07 
R .P6 

4.77 
9.91 

- 

- 

T T  
aes 

-5.05 
1.05 
-3 .05 
-2.23 
-1.25 - -32 - .20 - .17 

-72 
.77 
.O 

1.67 
1.75 
1.77 
2.53 
2.58 
2.62 
3 -63 
3.63 
3 -63 
4.57 
4.78 
4.78 
5.55 
5.73 
6.62 
7.50 

8.58 
7.68 

9.47 
9.50 

.W 

.01 

.Dl 

.W 

.01 

.01 

.01 

.01 

.W 

.01 

.01 

.01 

.01 

.99 

.99 

.99 

.99 

.99 

.99 
-99 
.98 
.96 
-96 
.93 

1.98 
-90 

1.98 
1.98 
1.98 

1.97 
1.98 

1-95 
1.96 

1.90 
1.95 

1.76 
1 3 3  

2.97 

2.96 
2.96 

2.95 

2.94 
2.95 

2.94 
2.94 
2.94 
2.93 
2.P2 

- 

- 

CN 

-.Wli 
.w33 

-.Wli 

-.W18 
-.OOlE 

-.WlS 

-.om1 
.W31 

-.'X15 
.W6C 

-.W19 

-.WE 
-.a 

.W30 
-.OW3 
.'X3 
.W3C 
.W13 
-.m 

so033 
-.0005 

.W13 
-.Ooolr 
-.W05 

-.ooo6 .0012 

-.W% 
io028 
.W07 

.OW7 

.0027 

-.oolr6 -. W13 
-.W02 

.0065 

.0&7 

.0579 

.Ob21 

.OS59 
-0765 

.3663 

.2152 

.5735 

.7657 - .0015 

.OW1 

.03u  

. a 9 2  

.0674 

.OR41 

.we5 

.2022 

.3616 

.3620 
.5663 
.E183 

-.W12 
.0066 
.0271 
.a455 
.0639 

.OB30 

.10M 

.3389 

.2U7 

-3805 
-5382 
-7513 
.0&2 
. a 7 6  .a& 
.0622 
-0513 
.0723 
.W70 
.1322 
J516 
.1789 
.3767 - 

TAPLE X.- AERODYNAMIC CIfARRCTERISTICS OF THE MODEL AND VARIOUS C W I I W C I O N S  

OF ITS CCMPONENTS AT M = 6.86; R = 343,000 
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TADLE 11.-  AERODYNAlriIC CHARACTERISTICS OF THI3 MODFL AND VARIOUS CCNUINATIONS 

OF ITS CCKPONENTS AT M = 6.06; R = j45,OOO - Cuntinucd 
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-.OW6 
-.OM2 

-. ,006 
- .0312 

,0013 
-.0086 
- .ax7 
-.0086 
-.OOe4 
-.om0 
-.0078 
-.0078 
-.W70 
-.c058 
- . a 6  

lI.0066 

"0036 
-.0330 
-.W17 - . 0010 

-.OK& 
.0009 

-.a05 - .0105 
-.0104 
-.0101 
-.OW7 
-.0102 
-.0096 
-.Om5 
-.0372 
-.0356 
-.03LL 
-.a33 
-.m .ooo2 
-.OX23 

-.0123 
-.Ol& 

-.0122 
-.Oll9 

-.On6 
-.0122 

- .0107 
- .Wh 
-.0079 
-.0074 -.m 
-.005l 
-.oao 
-.0012 - 

-.0294 
-.0324 

-.0w7 
- . O W  

-.a37 
-.a51 
-.02ll 
-.M23 
-.M19 

-.0235 
-.E33 

-.0239 
-.Ma 
-.ME6 
-.03U 
-.OS51 
-.0390 
-.a12 - . a51 
-.0506 
-.0596 
"0273 
-.0275 
- .M82 
-.ME7 
-.0291 
-.0299 
-.0320 
"0339 

- . a 2 3  
-.0383 

-.Ob67 
-.OS17 
-.%63 
-.0603 

-.0330 
-.0704 

-.0332 
- e 0 3 3  
-.03L5 
-.0350 
-.0362 
-.0392 
-.Ob32 
-.Oh73 
- .e23 
-.0563 -.obos - .0660 
-.0723 
- . 08U 
-.olr8h 
- .a77 
-.a92 
"0498 

-.Os15 
--509 

-.OS36 
-.0585 
-.0639 
-.Ob90 
"0757 
-.ma9 
-.OS85 
-.W62 
-.w 
-.0610 
-.0610 - .M13 
-.0622 
-.ob31 

- a 9 9  
-.0671 

-.0769 
-.a334 
-.0893 
-.oe55 
"0919 
-.loo6 
-.lo67 
4 2 %  - 



12 - NACA RM L55A2la 

- 
a, 
deg - 

.W 

.W 
-00 
.W 
.oo 

-00 
.W 

.W 

.W 

.oo 

.W 

.W 

.W 

.W 

.W 

.12 
1.08 
2.02 
3-03 

4.98 
3.98 

5.92 
7.88 
9.83 
1.87 
,3232 
S.70 
.7.68 
s.55 
1.50 
3.42 
5.35 

1.08 
.lo 

2.08 
2.88 
4.02 
4.97 

7 -90 
9.90 
1.83 
3.77 
5.62 

.9 .a 7.67 

1.53 
3  .43 
5.32 

.12 
1.10 
2.02 
3.08 
4 .02 
4.88 
5.88 

9.88 
7.88 

1.94 
3 . A 1  
5.78 

9.68 
7.78 

1.53 
3.53 
5.43 

1.02 
.os 

2.07 
3.05 
4 -03 
4.93 
6.01 
8.09 

1.95 
9.88 

3.82 
5.8L 
7.77 
9.75 
1.53 
3 -48 
5 .so 
1.17 

-17 

5.00 

- 

- i3, 
aeg 

- 5.07 - 4.10 - 3.10 - 2.25 - 1.17 - 2 3  - .17 
.72 

1.63 
2.67 
3.73 
4.60 
5.62 

9.58 
8.00 

.oo 

.W 

.oo 

.W 

.W 

.W 

.W 

.W 

.W 

.oo 

.W 

.a1 

.01 

.01 

.a 

.01 

.01 

.99 

.99 

.99 

.99 

.99 

.99 

.98 

.98 

.98 

.97 

.96 

.95 

.95 

.93 
.92 
-91 

1.98 
.89 

1.98 
1.98 
1.98 
1.98 
1.97 
1.97 
1.98 
1.98 
l.?R 
1.98 
1.91 
1.88 
1.86 

1.81 
1.83 

1.78 
2.96 
2.97 
2.96 

2.96 
2.97 

2.96 
2.94 
2.93 
2.92 
2.90 
2 -97 
2.85 
2.82 
2.79 
2.74 
2.71 
2.66 
3.96 
3.96 

- 

__ 

TABLE 11.- AEROLIYNAMIC CHARACI'ERISTICS OF THE MODEL AND VARIOUS COMBINATIONS 

OF ITS CrXPONENTS AT M = 6.86; R = 343,000 - Continued 

[Boay-axis data) 

- 
c, 

-.oolS -.Mu 
-.W16 
-.W16 
-.a017 ~. W4l 
-.0003 -. W16 
-.0&2 
4055  - .W55 
- .om 
- . w 3  
4 0 5 3  
-.W40 
-.OW2 
.W88 
.0163 
3240 
.0345 
.ab38 
.0545 

.lo20 

.0767 

.1290 
-1609 
2 0 3 0  
2460 

.3347 

.2893 

.3778 
A287 
.W52 . O l l 5  
.0268 
.0179 

.0370 

. a 7 4  

.0567 

.0789 

. l o l l  

.1297 
-1608 
.2w1 
.2405 
2847 
.3282 
.3760 
A239 . .mol 
.0165 
.W75 

. 0 6 7  

.0335 

.Oh39 

.%33 
,0768 
.lo18 
.1290 
2616 

2 4 2 2  
.2033 

.2876 
-3324 
.3791 
.4302 

.OOE8 

.W12 

.0191 

.0268 

.0357 

. a 6 2  

.os54 

.0791 

.lo42 

.l328 

.la5 
.2060 
.246L 
.2907 

.3846 
-3370 

.lr344 

.W50 

.0126 

- 

- 

- 
c, - 

-.0(108 
-.ow7 -.ooo8 
-.mu 
-.OoLl 

-.0010 
-.WlC 

-.OW 
-.W13 -.am 
-.Wll 

-.ma 
- .OX2 

-.a323 
-.0018 

-.0037 
-.coo8 
-. 0069 
-.OW9 
-.0133 
-.0170 
-.0205 
-.0285 
-.0388 - .05l2 
-.0678 
-.OB97 
"1151 -.14Lu 
- 2 6 7 1  
-.1923 
-.2211r 
- .W10 
-.cow38 
-.0068 
-.0102 
-.0135 
-.0169 
-.a07 
-.0284 
-.0382 
-.OS12 
-.0677 
-.0835 
-.1122 
"1393 
-.la1 
-.1907 
-.2174 
-.0007 

-.0070 
-.0103 
-.OK39 - .0174 
-.0210 
-.a293 
"0394 
-.0520 
-.0694 
-.0901 
-.u20 
-.1390 
-.1654 
-.1930 
-.2197 
-.Woe 
-.W35 
-.w6e - . OlOL - . OlLl 
-.0178 
-.0215 
-.03W -.ab& 
-.0542 
-.07& 

- a 3 7  
.Woo 

-Ab01 
-.1661 
-.1942 
-2213 
-.W15 -.m 

-.w34 

CZ 

-.Wl! 
-.W16 
-.0014 
-.m3 
-.W24 
-.W16 
-.W18 
-.0019 
-.OMC 
-.W22 
-.W2L 

-.Wll 
-.0019 

-.COO8 

-.orno 
-.a006 
-.0014 
-.W17 
-.a320 
-.W16 -.cos. 
- . O K 6  
"0016 
-.ml8 
-.0020 
- . O m  

. 0 a  

.0007 

. W30 

.om0 

.W53 

.m42 

. Wa 
-.OoO1 

.WO1 

-.WM 
- .Wl l  
-.W16 
-.OM0 
-.0021 

-.OW5 
-.OM1 

. W01 

.ooO1 

.m5  

.om7 

.m38 

.W28 

.0&9 
-.Ow6 

- .0013 
-.W09 

- . ooll 
-.COO8 

- .0016 
-.Wll 
-.Om3 
-.OW5 
.ooO1 

- . O W  
.OW7 

. ooll 

.om1 

.0033 .w 
-.ma 

. o x 3  

-.WlZ 
-.0007 -.call 
-.W15 
-.ooll 
-.WlS 
- .0016 
-.W18 

.0007 

.m12 
-.WoB 

.OW5 

.0007 

.0037 

.OM7 

.W56 
-.W& 
-.0007 

- 

- 

- 
c, 

-.m -.ab 
- .oOqC 
-.W28 
-.oolS 
-.ow3 
- . o w 3  
.OW9 
.m1 
.W33 

.W62 

. a 7  

-0077 
.a08 
-0147 

-.Owl 
-.ooO1 
-."1 - . 0001 
-.OW1 
-.ooO1 
-.oOOl 
-.owl 
-.mol 
-.Ow1 
-.mol 
-.ax7 - . O W D  - .0008 
-.0007 
-.0008 
-.0008 .@Ill 
.WOG 
.W10 

.W09 

. O W  

.ooll 

.WlL 

.0013 

.W13 

.W13 

.mi5 

.0010 

."8 

.w10 . OoLl 

.W13 

.W27 

.0015 

.0025 

.W26 

.W26 

.OM6 

-0027 
.W28 
.W29 
.GO30 
.W30 
.W3l 
.OM9 
.W31 
.W32 
-0033 
.a035 
.0038 

. oabo 

.Oabl 

. o w  

.0040 
. W O  

. WW 

.oa2 

. o w  

.0%6 

.(ob7 

. a 9  
.oolr8 
.W5l 
.W53 
.W56 
.W58 
.0062 
.mso 
.a350 

- 

- 

: I  Body 
0, 

.&a 
-0346 
.0252 

.OWC 

.0166 

.mol .WO5 

-.oaf 
-.0146 
-.0229 
- . O W  

-.OS13 
- .a20 

-.07211 
-.W65 -.Co?.l 
-.om3 -.ooo8 
-.0010 

-.W02 
-.m 
-.WW 
."1 
.0007 
.W02 
.W03 -.ooog 

-.W12 

-.0003 
.CdI 

-.W& 
-.0005 
-.07L 
-.a075 

-.0085 
-.0077 

-.we7 

- . W 3  
-.ow0 
-.OW6 
-.OW7 
-.OW7 
-.W1 

-.0107 
-.W97 

-.0107 
-.0113 
-.OX7 
-.0122 
-.0198 
-.0200 
-.0197 
-.OB5 
-.0197 
-.0200 

-.0214 
-.0202 

-.0216 
-.0213 

-.0221 
-.0225 
-.0237 
-.0241r 
-.0251 
-325.8 
-.0275 
-.0277 
-.0265 
-.0265 
-.0277 
"0279 
-.ME2 
-.a285 
-.0290 
-.02!3 
-.0303 
-.0310 
-so343 
-SO39 
-.0370 
-.0380 
-.ohm -.&os 
-.0367 
"0362 

- 
I__ 

- 

x i 1  COI - &Ure.tl 
a, 
deg - 

2.13 
3.13 
4.01 

6.06 
5.03 

10.m 
8 .lo 

ll.85 
13.85 
15.89 
17.79 
19.74 
21.60 
23.55 
25.45 

1.33 
2 5  

2.26 

4 a 5  
3.19 

5.17 
6.19 
8.01 

10.07 
12 .a 
14.10 
15.96 
17.93 
19.90 
21.77 
23.73 
25.63 

1.29 
.35 

3.20 
2.21 

4.lL 
5.13 
6.08 

10.07 
8 .I1 

L2.18 &.a 
L5.93 
L7.89 
19.87 
21.75 
!3.70 
!5.60 

* 28 

1.26 
.30 

2.22 
3.21 
4 .16 
5.15 
6.ll 

10.12 
R .15 

L2.24 
k .10 
16.12 
LR.11 
20.10 
?2.01 

!5.79 

1.49 
.54 

2 .44 
3.52 
4.4L 
5.53 
6.43 
8.50 

10.51 
!2 .45 
L.41 
16.28 
18.26 
t0.30 
!a .18 
!4 .W 
!6.01 

~3.38 

- 

- 
B, - de& 

3.96 

3.95 
3.95 

3.93 
3.94 

3.87 
3.91 

3.07 
3.84 
3.80 
3.75 
3.70 
3.65 
3.60 
3.55 
4.90 
4.90 

4.89 
4 .91 

4.88 
4.89 

4.87 
4.85 
4 .82 
4 .78 

4-69 
4.73 

4.63 
4.57 
4.51 
4 .45 
4.37 
5.96 
5.89 

5.88 
5.89 

5.87 
5.87 
5.86 
5.82 
5.79 

5.69 
5.74 

5.57 
5.6L 

5 .49 
5.43 
5 . 3  
5.25 

7.85 

7 .84 
7.85 

7.83 
7.84 

7.81 
7.80 

7.71 
7.76 

7.& 
7.58 
7.50 
7.41 
7.31 
7.21 
7.10 
6.99 
9.78 
9.78 
9.77 
9.76 
9.75 
9.73 
9.n 
9.66 
9.59 
9.52 
9 .43 
9.33 
9.23 
9 .lo 
8.98 
3.83 
8.69 

7.85 

- 

- 
c, - 

.0211 

.03@ 

.*a 

.050: 

.069 

.la! 

.083: 

.a01 
2.70: 
.2ll: 
e2 59 
.29hi 
.339: 
.389: 

.OW 

.*a 

.015: 

.025! 
-0332 .a45 
-053t 
.063! 

.1131 

.086( 

.&2t 
-175: 
.212: 
.254: 

-3415 
.296l 

-392i .u: 
.COS2 
.012i 

.032C 

.021i 

.a11 
.OS27 
.062c 
.OB&: 
.ll2i 

L74C 
.&2C 

.2186 
257b 
-303: 
. 3 8 5  

.U52 

.3971 

.0052 

.W52 

.0167 

.02U 

.038 

.Ob52 

.0557 

.0662 

.a902 

. l l83 
-1493 
.le18 
.2183 
.26Q 

-3482 
.3&8 

-3986 
.h492 
.oow 
.0110 
-0199 
.M99 
-0390 

.0622 
-0535 

. a 7 0  

.1lZ9 

.lIb27 
-1747 
224s 
-2639 
.3%6 
.35W 
A l l 3  
.4497 
_. 

-.0071 
-.OU. 
-.om 
-.022 
-.019! 

-.031: 
-.o&lf 
-.05E 
-.071! 

-.116: 
-.093l 

-.168! 
"197: 
-.2261 
-.OM> 
-.COS: 
-.COB; 
-.0l2: 

-.019! 
-.016: 

-.023; 
-.032l 

-.057Z 
-.a3; 

-.074: 
-.093f 

-.14u -.1161 

-.1951r 
-2661 

-225: 
- . o x 2  
-.0051 
-.0085 
-.012: 
-.016: 
-.02oi 
-.024L 
-SO33 
-.Owl5 
-.058i 
-SO764 
-.Wi 
-.117i 

-.142: 

-.ub3c 
- . m e  
-A968 
- 2 2 4 5  
-.OM7 
-.W26 - . O O ~  
-.OW7 
-.0138 
-.0178 
-.a221 
-.026L 
-.036!1 
"ab79 
-.0625 
"0799 
-.0986 
-.1208 
- .a56  
"1703 

-.2270 
-.0036 
-.0074 
-.Olll - . o m  
-.0190 
-.w4 
-.a285 

-.os08 
4 6 5 3  
-.oe20 
-.lo24 
-.1222 
- A 6 7  
"1712 
-.1956 
-.2262 

-.we7 

-.0387 

- 

-.ooO2 -.ooob 
-.Wll 
-.Ow6 
-.mil 
-.0312 . OW5 
.0010 

-.a312 
.W17 

.ooO1 

.m13 

.ma 

.m34 

.OoO2 

.W73 

-.W03 
.OW1 

-.0001 

-.W02 
.WO2 

- . m 7  
-.0017 

.0018 

.W14 

.0019 

.W02 

.om 

.W2& 

.W35 

.cos3 

.m2 

-.ooo;! .Wl l  

-.M02 
.Dm2 

-.oO06 
-.0012 
-.ooO7 
-.WO8 
-.0002 

.0013 

-.0012 
. W19 

-.EO0 .mw 
.OM0 
.0&8 

. 0006 
. O W  

.W05 

.OOW -.oooL 
-.OW9 
-.W& 
-.ma5 
-.0014 
.W03 . Wl8 
.OM3 
.W28 
.ow1 
.Wl l  

. o m  
.W22 

.W58 

-.002s 
.0078 

-.0029 
-.W33 
-.0039 
-.0034 
-.0033 
-.a008 
-.0001 
.om 

- . m49 
.0022 

. W09 

.W10 

.m1 

.oOqO 
.W5l 
. m 6  - 

.WI 

.m5: 

.m5: 

.m5: 

.W5! . W51 

.006( . co5f 
.ooblr .W& 

.W6t 

.W7l 

.oca( 

.WE1 

.007( 

,0069 
.m7( 

.W7C 

.007: 

.ax 

.W71 

.m7t 

.Om: 

.0071 

.m5 

.m05 

.009i 

.0103 

. om 

.a025 

. O l l 7  

.007@ 

.007i 

.0079 

.W81 

.Om3 

.Om3 

.m7 

.W95 

.W1 

.0102 . 0104 

.0109 

.OllE 

.0122 

.0129 

.0135 . 0109 
-0107 
.0109 . o l l l  . Oll3 
.OlUl 

.or20 

. Oll7 

.0130 

.0124 

.0136 . O l L 5  

.0&6 

.0156 

.0169 

.01a 

a 7 8  
.0187 
.0160 
.0161 
.016h 
.Old4 
.0167 
.0172 
.0174 
.OM0 

.0199 

. a 9 2  

.0205 

.0212 

.M18 
-0232 

3 2 5 3  
.0240 

.02& 

.m7t 

.mo5 

__ 

-.035t 
-so351 
-.036: 
-.036t 
-.0371 

-.038S 
-so371 

-.039t 
-.ChOi 
-.ab35 
-.&51 
-.%et 
-.ab61 
-.050q 
-.ow 
-.a7c 
- 4 7 %  
-.a9t 
-.&71 -.w: 
-.a95 
-.a96 
-.OS07 
-.052C 
-.053 
-SO554 
-.058! 
-so632 -.ad. 
-.0662 
-.0688 
-.0n0 
-.0b3 
-.0525 
-a436 
-so539 
-.054a 
-e0550 
-0559 
"0571 
-e0594 
- . a 0 5  
y.0627 
-.0662 
-.0699 
"0733 
-.0741r 
"0779 
-.079L 
-.0700 
-.0708 
-.07lh 
-.0720 
-.0741r 
-A746 
-A754 
-.0762 
-.0799 
-.0813 
.0838 

-.0861 
- a 7 7  -.og02 
-e0959 
-.loo1 
-.1M7 
-.lo56 
-.0960 
-.0947 
"0933 
-.0983 
..WE9 
-.1524 
-.1029 
-.1a8 
-.lo72 
4 0 7 3  . .1131 
d193 
-.1a6 
-.1281 
- 4 0 5  
-1347 
4 3 9 1  - 
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a, 
deg 

.W 

.oo 

.W . 00 

.oo 

.W .00 

.W 

.W 
JO 

.00 .W 

.W 

.w . 00 

.oo 

.oo 

. 00 

1.05 
.02 

1.93 
2.95 
4.00 
5.02 
5.98 
7.97 

ll.90 
9.97 

13.93 
16.00 
17.98 
20.03 
21 -93 
23.95 
25.90 

- 

- 

P, 
de& 

- .17 - .07 
.88 
.93 

1.80 
1.82 
2.72 
2.82 
3.77 

4.82 
3.82 

4.82 
5.72 
5.87 

7.92 
7.68 

10.00 
9.75 

.oo .oo 

.W 

.W 

.oo 

.W 

.W 

.W 

.W 

.W 

.oo 

.oo 

.W 

*oo 
.W 

.oo 
-00 

- 

~ 

TABLE 11.- AERODYNAMIC CHARACTERISTICS OF TBE MODEL AND VARIOUS CCMBINATIONS 

OF ITS CCXG'ONETWS AT M = 6.86; R = 343,000 - Concluded 
[may-axis data] 

(d) Body-alone configuration 

-.W33 1 .OW6 1 .0002 1 .COO1 1 .OW5 

.w27 .OOOO .OO@ .ooO1 .OO@ 

-.0002 -.W07 -.0013 -.W19 -.W19 
.0003 -.mol .0017 -.co21 -.0018 

.0030 

-.Om .CW6 
-.om3 .OC46 
-.ooO3 .W27 
-.Om 

-;coio -.W75 -.o202 
, 

-.OS73 - .On3  -.0032 
-.a33 -.Ow7 .ooolr -.fa20 - . w 7  -.,m24 

-.ow2 i .W08 -.COO9 -.OOOO I ~ . O W l  
-.COO2 -.On5 .C575 

~ " ,  

.03z -1wij 

.0349 

.a391 
.0007 .0389 
.GO12 .0378 
-.ooo6 

.OO@ .0393 

.W37 

.w38 

.0167 

.0179 -.WOO ;OO& -io006 ;Ol24 

.0245 .017L -.OW2 .0002 
.W03 .WO1 -.OW6 .0&9  .0179 
-.ooO4 

.0374 .0198 -.0015 .OW2 -.OW& 

. a 9 0  .0&7 

.0999 

.0839 
.OOOO .OOQ -.0319 02A9 .0631 
.OOfa .COO3 -.COO9 

.WOL -.ooa 

.ooa -.0001 
. l l35 -.ooO2 - .ooOO 
.1382 1 
.1685 , -.om2 -.0018 

-.@IO3 -.OOOO 

-.mol -.Om7 
. O j 3  - .om -.coo1 .oo20 
.0397 -.Wll -.0001 .W10 

a, 

_. 

deg 

.25 
1.23 
2.26 
3.26 
4.20 
5.20 
6.27 

10.27 
8.20 

12.22 
l14.28 
16.29 
18.37 
20.32 
20.31 
24 .31 
26.31 

1.50 
.h8 

1.88 

4.45 
3 .I40 

5.50 
6.58 
8.60 

10.63 
12.53 
14 .a 
16.71 
18.68 
20.71 
22.73 
24.66 
26.73 - 

dee 
0, 

5.10 
5.10 
5.10 
5 .w 
5.09 
5.w 
5.00 
5.09 

5.043 
5.07 
5.07 
5.08 
5.07 

5.07 
5.07 

5.06 
5.06 

- 

10.17 
10.17 
10.17 
10.17 
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Figure 1.- Photograph of complete-model configurat ion.  
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Figure 2.- Systems of reference axes. 
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Figure 3 . -  Wind-tunnel model. All dimensions  are  in  inches. 
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Figure 4.- Wing and t a i l  a i r fo i l   s ec t ions   u sed  on model. 
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Angle of sideslip, p, deg 

(a) Complete model. 

Figure 6.- The variation of lateral-force  coefficient  with  angle of side- 
s l i p  fo r   t he  model and i t s  components. M = 6.86; R = 343,000; body- 
axis data. UI P 
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(c)  Body-tail  configuration. 

Figure 6. - Continued . 
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(d) Body-alone configuration. 

Figure 6 .  - Concluded. 
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( a )  Complete model. 

Figure 7.- The variation  of yawing-moment coefficient  with  angle of side- 
s l i p  for   the  model  and i t s  components. M = 6.86; R = 343,000; body- 
axis data. 
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(b) Body-wing configuration. 

Figure 7. - Continued. 
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( c )  Body-tail  configuration. 

Figure 7. - Continued . 
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(d ) Body-alone configuration. 

Figure 7.- Concluded. 
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(a) Complete model. 

Figure 8.- The var ia t ion  of rolling-moment coefficient  with  angle of side- 
s l i p   f o r  the model and i t s  components. M = 6.86; R = 343,000; body- 
ax i s  data. 
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(b) Body-wing  configuration. 

Figure 8. - Continued . 
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( c )  Body-tail  configuration. 

Figure 8.- Continued. 
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(d) Body-alone configuration. 

Figure 8.- Concluded. 
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Angle of sideslip, p,  deg 

(a )  Complete model. 

Figure 9.- The var ia t ion of normal-force  coefficient  with  angle of side- 
s l i p   f o r   t h e  model and i t s  components. M = 6.86; R = 343,000; body- 
axis data. 
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(b)  Body-wing configuration. 

Figure 9. - Continued. 
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( e )  Body-tail  configuration. 

Figure 9. - Continued. 
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(d) Body-alone configuration. 

Figure 9. - Concluded. 
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(a) Complete model. 

Figure 10.- The var ia t ion  of pitching-moment coefficient  with  angle of 
s i d e s l i p   f o r   t h e  model  and i ts  components. M = 6.86; R = 343,000; 
body-axis data. 
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(b) Body-wing configuration. 

Figure 10.- Continued. 
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( c )  Body-tail  configuration. 

Figure 10. - Continued . 
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(d) Body-alone configuration. 

Figure 10.- Concluded. 



(b) Body-wing  configuration. L-87425 

Figure 11.- Typical  schlieren  photographs  of  complete-model  and  the  body- 
wing  configuration. M = 6.86; R = 343,000. 
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Figure 13.- The variation of C with  angle of a t tack f o r  the  cmplete  

model  and i t s  components. M = 6.86; R = 343,000; body-axis data. 
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Figure 14.- The var ia t ion of C with angle of attack f o r  t h e  complete 

model and i t s  components. M = 6.86; R = 343,000; body-axis data. 
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